INTRODUCTION {#s1}
============

Diabetic neuropathy (DN) and lower extremity circulatory disturbance are considered to cause diabetes mellitus (DM)-related foot lesions[@r1]^)^. The sole, which comes into contact with the ground while walking, is prone to the formation of callus and ulcer because of a foot deformity or an abnormality in sole pressure distribution. Because DM-related food lesion is difficult to treat, it poses a high risk of amputation of the lower extremities, which is 15--40 times higher in patients with DM than in healthy individuals[@r2]^)^. Notably, a lower limb amputation of a patient with DM increases the burden on the stump, wound, and opposite lower extremity, leading to recurrence of ulcer and re-amputation. Consequently, there is a risk of development of further decline in physical function. Hence, periodic foot examination and risk assessment of foot lesions are essential for the prevention of the onset and recurrence of DM-related foot lesions.

Based on the examination of the tactile pressure sensitivity threshold using the Semmes--Weinstein monofilament (SWM) for the risk assessment of DM-related foot lesion, when a patient does not respond to a thickness of 5.07 (tactile pressure sensitivity, 10 g), the suspicion of DN[@r3]^)^ and risk of amputation of a lower limb due to DM-related ulcer significantly increases[@r4]^)^. Hence, the American Diabetes Association mandates a tactile pressure sensitivity threshold by a filament of size 5.07 when evaluating the risk of DN[@r5]^)^.

A report by the Organization for Economic Cooperation and Development (OECD) revealed that the lifespan of humans has prolonged worldwide[@r6]^)^, creating a new problem of aging in patients with DM. The purpose of this research was to examine the sole of the foot tactile pressure sensitivity threshold of elderly DM patients and determine whether it is related with DM duration or aging.

PARTICIPANTS AND METHODS {#s2}
========================

The participants of this study included 204 patients with DM (136 males and 68 females) who underwent physical therapy during educational hospitalization for DM. All participants were divided into the following age groups: 20--39, 40--49, 50--59, 60--69, 70--79, and 80--89 years. All patients requiring dialysis and those with severe DM complications, such as leg amputation, were excluded from this study. This cross-sectional study compared groups for each age range. We obtained informed consent from all the participants. Furthermore, this study was approved by the Institutional Review Board of International University of Health and Welfare (Ohtawara, Tochigi, Japan; approval number: 14-Io-72).

Evaluation of the sole of the foot tactile pressure sensitivity threshold included the use of SWM (Sakai Medical Co., Ltd., Tokyo, Japan) to evaluate the sole of the foot tactile pressure sensitivity threshold using six sizes (2.83, 3.61, 4.31, 4.56, 5.07, and 6.65). The pressure was applied for approximately 1.5 s until attaining a bent at a right angle of the bilateral forefeet (halluces, first metatarsal head, and fifth toe metatarsal head) and heel (total eight sites), and the correct size was considered as the representative value of each site. The stage at which a correct response could be obtained for size 2.83 (i.e., the thinnest filament) was set as stage 1; a seven-stage scale was used to evaluate the correct response for size 6.65 as stage 6 and nonresponse for size 6.65 as stage 7.

We compared the gender ratio of each group using the *χ*^2^ test, and other essential information was assessed using the one-way analysis of variance. The sole of the foot tactile pressure sensitivity threshold was evaluated by comparing age-related effects according to the site. First, the correlation between age and the sole of the foot tactile pressure sensitivity threshold was evaluated using the Spearman's partial rank correlation coefficient. In addition, DM duration was set as a control variable to eliminate the effect of the duration of DM. The correlation between DM duration and the sole of the foot tactile pressure sensitivity threshold was evaluated using the Spearman's rank correlation coefficient. Next, we used the Friedman test for the comparison of sites according to the age group and Bonferroni's method for multiple comparisons in this study. However, a 70 year-old patient's disease duration was unknown, and one patient was excluded from the correlation analysis. Furthermore, we considered p\<0.05 as statistically significant for all tests. The statistical software SPSS 21.0 J (IBM SPSS Japan, Inc.) was used for statistical processing.

RESULTS {#s3}
=======

[Table 1](#tbl_001){ref-type="table"}Table 1.Basic information for each age group20--39^a^years40--49^b^years50--59^c^years60--69^d^years70--79^e^years80--89^f^yearsPost hocParticipants (n)202634604519Males/Females (n)14/624/222/1237/2329/1610/9Age (years)\*32.4 ± 5.644.7 ± 2.953.8 ± 2.764.5 ± 3.174.0 ± 3.083.8 ± 2.7Between all groupsHeight (cm)\*168.5 ± 10.3169.5 ± 6.9164.7 ± 7.9157.8 ± 9.0158.8 ± 7.6150.7 ± 10.6a \> d, e, f; b \> d, e, f; c \> d, e, f; d \> f; e \> fWeight (kg)\*85.6 ± 18.376.2 ± 18.368.5 ± 13.862.0 ± 15.157.4 ± 10.056.3 ± 15.3a \> c, d, e, f; b \> d, e, f; c \> eBMI (kg/m^2^)\*30.1 ± 5.226.5 ± 5.825.3 ± 4.724.9 ± 5.822.7 ± 3.124.8 ± 6.4a \> c, d, e, f; b \> eHbA1c (%)\*11.1 ± 2.88.9 ± 2.410.3 ± 1.98.8 ± 1.98.6 ± 1.97.7 ± 1.9a \> b, d, e, f; c \> d, e, fDM duration (months)\*25.2 ± 50.633.3 ± 80.051.9 ± 98.7122.2 ± 106.8170.7 ± 144.8206.5 ± 130.8f \> a, b, c; e \> a, b, cMean ± SD. \*χ^2^ test, one-way analysis of variance, p\<0.05. summarizes the primary data results of this study. We observed no differences in gender ratios between the groups. Higher age ranges correlated with longer disease duration, smaller stature, and decreased body weight. In addition, the body mass index of the younger-aged groups was higher than that of the older-aged groups.

[Table 2](#tbl_002){ref-type="table"}Table 2.Distribution of the tactile pressure sensitivity threshold of the sole of the foot of all the sites for each age groupSiteAgeParticipant's\
foot numberStage 1Stage 2Stage 3Stage 4Stage 5Stage 6Stage 7Size 2.83Size 3.61Size 4.31Size 4.56Size 5.07Size 6.65Not correct Size 6.65Halluces20--39 years400 (0)17 (43)15 (38)8 (20)0 (0)0 (0)0 (0)40--49 years520 (0)11 (21)20 (38)16 (31)4 (8)1 (2)0 (0)50--59 years680 (0)13 (19)25 (37)13 (19)15 (22)2 (3)0 (0)60--69 years1200 (0)14 (12)50 (42)40 (33)13 (11)3 (3)0 (0)70--79 years900 (0)7 (8)39 (43)24 (27)16 (18)4 (4)0 (0)80--89 years380 (0)0 (0)15 (39)10 (26)11 (29)2 (5)0 (0)Hallux toe metatarsal heads20--39 years401 (3)14 (35)13 (33)12 (30)0 (0)0 (0)0 (0)40--49 years520 (0)10 (19)26 (50)13 (25)2 (4)1 (2)0 (0)50--59 years680 (0)16 (24)22 (32)11 (16)19 (28)0 (0)0 (0)60--69 years1200 (0)13 (11)54 (45)38 (32)13 (11)2 (2)0 (0)70--79 years900 (0)5 (6)38 (42)31 (34)9 (10)7 (8)0 (0)80--89 years380 (0)1 (3)16 (42)7 (18)13 (34)1 (3)0 (0)Fifth toe metatarsal heads20--39 years401 (3)11 (28)12 (30)13 (33)3 (8)0 (0)0 (0)40--49 years520 (0)3 (6)26 (50)17 (33)5 (10)1 (2)0 (0)50--59 years680 (0)8 (12)18 (26)20 (29)21 (31)1 (1)0 (0)60--69 years1200 (0)7 (6)49 (41)44 (37)20 (17)0 (0)0 (0)70--79 years900 (0)3 (3)22 (24)42 (47)18 (20)5 (6)0 (0)80--89 years380 (0)0 (0)14 (37)8 (21)11 (29)5 (13)0 (0)Heels20--39 years401 (3)2 (5)13 (33)10 (25)12 (30)2 (5)0 (0)40--49 years520 (0)2 (4)11 (21)23 (44)13 (25)3 (6)0 (0)50--59 years680 (0)0 (0)16 (24)13 (19)32 (47)7 (10)0 (0)60--69 years1200 (0)0 (0)10 (8)45 (38)56 (47)9 (8)0 (0)70--79 years900 (0)0 (0)4 (4)35 (39)41 (46)10 (11)0 (0)80--89 years380 (0)0 (0)1 (3)9 (24)20 (53)8 (21)0 (0)The smallest size for which patients could correctly respond at each site is shown according to the age groups. The median value is shown as n (%). There were no size 6.65 non-respondents. shows the number of individuals (ratio) with the sole of the foot tactile pressure sensitivity threshold according to the site for each age group. No patient in this study responded at size 6.65. In addition, the median sole of the foot tactile pressure sensitivity threshold at all sites revealed a higher value with increasing age.

The results of the Spearman's partial correlation analysis adjusted with DM duration revealed that the sole of the foot tactile pressure sensitivity threshold of all sites had a significant positive partial correlation with age (p\<0.05): halluces, *ρ*=0.220; first metatarsal heads, *ρ*=0.251; fifth toe metatarsal heads, *ρ*=0.224; and heels, *ρ*=0.291. The results of the Spearman's correlation analysis revealed that the sole of the foot tactile pressure sensitivity threshold of all sites had a significant positive correlation with DM duration (p\<0.05): halluces, *ρ*=0.188; first metatarsal heads, *ρ*=0.144; fifth toe metatarsal heads, *ρ*=0.139; and heels, *ρ*=0.122.

The sole of the foot tactile pressure sensitivity threshold of the heel at all ages was significantly higher than that of the forefoot. In addition, no differences were observed in the sole of the foot tactile pressure sensitivity threshold among the four sites.

DISCUSSION {#s4}
==========

An investigation of the age-related changes of the sole of the foot tactile pressure sensitivity threshold in patients with DM using the SWM revealed that the sole of the foot tactile pressure sensitivity threshold exhibited a high value as the age increased.

A prolonged DM duration could result in the recurrence of hyperglycemia and the progression of DN. The results of the Spearman's partial correlation coefficient adjusted by the DM duration revealed that the sole of the foot tactile pressure sensitivity threshold of all sites had a significant positive partial correlation with age (*ρ*=0.220--0.291). Aging showed highly positive correlation with the sole of the foot tactile pressure sensitivity threshold compared with that by DM duration. Regarding DP, it was suggested to DM duration that in addition and aging itself affected elderly DM patient's sole tactile pressure sensitivity threshold. In contrast, we observed no differences in gender in all age groups; in the absence of gender differences regarding the severity of DN, it appeared that differences because of gender were small[@r7]^)^. In addition, HbA1c, an indicator of the mean blood glucose level in the past 1--2 months, was high (mean: 11.1%) in the 20--39 age group. Hence, it is suggested that when young persons who are in school or working undergo educational hospitalization of DM, they must take a leave of absence from school or work. Hence, it can be concluded that understanding of the examination and treatment for DM was not adequate. The effluvium of a myelin sheath and the tabes of a spermatic filament by DN affected the denature of the peripheral nerve. In addition, it was considered that the neurodegeneration of the aging arose[@r8]^)^. As the increased the sole of the foot tactile pressure sensitivity threshold is a risk factor for a foot lesion, the evaluation of the feet in elderly patients with DM is imperative for the prevention of foot lesions.

In this study, the sole of the foot tactile pressure sensitivity threshold of the heel was significantly higher than that in the forefoot in patients with DM of all age groups. Most cases of DN are classified as diabetic polyneuropathy (DP), and because of the gradual disturbance of proximal regions from the more distal regions of the bilateral extremities, the forefoot of patients with DM is significantly affected by DN[@r9]^)^. Hence, the results of this study suggest that DP affected patients with DM up to the heel. In addition to motor and sensory neuropathy, DP could be attributed to autonomic dysfunction[@r10]^)^, which, in turn, could lead to decline in sweating of the sole and, thus, drying of the skin causing failure of the barrier function. Furthermore, the results suggest that the thickening of the skin advanced because of the load applied to the heel when the heel is in contact with the ground during walking. Thus, in the heels of patients with DM, the sole of the foot tactile pressure sensitivity threshold was seemingly higher than that of the forefoot because of the influence of DN and autonomic nerves. When evaluating the sole of the foot tactile pressure sensitivity threshold using the SWM, it is essential to evaluate not only the forefoot affected by DN but also the extent of effects of DN. Finally, this study suggests the need to evaluate the sole of the foot tactile pressure sensitivity threshold of the entire sole. The degeneration of the peripheral nerves by DN was influenced by aging. Moreover, it was suggested that aging and not DM duration affected DM patient's sole tactile pressure sensitivity threshold. It was suggested that the aging has affected an old-age DM patient's sole tactile pressure sensitivity threshold. This study had some limitations. First, only age-related changes in patients with DM are discussed here because complications of DM and modes of transportation were not investigated. In the future, it is necessary to mention lifestyle factors (e.g., complications, lower extremity circulation, and smoking) in addition to age.
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